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ABSTRACT

The oceanographic

the Simpson Lagoon and.

A~aska are presented.

conditions  durltigthe breakup of-winter ice in

Kuparuk River channel on the Beaufort Sea coast of

At the beginning of the breakup, hottcim-fast ice of

,2mthtckrtess covers most of the lagoon and water in deeper channels has a

Salfnity  in-excess Of 40”/”’. Statistical analysls of satellite-images. “’

shows that coastal rivers overflow the icean 30 May with a standard deviation

of 8 d& 1979 was an anomalous year -with overflaw begtnning  in mid-ltay.

Camplet~.flushiriq  aflwine from icecmered river”ckmels  accurred in an . ,.

ii ght

0“/”’

river

hour perfacl during which time the salinity fell fram 36°/0’”to
. ..

and the temperature rose to -1.l’C to O“C. 80% of the annual

flow occurred in the first 10 days of the breakup periad. . S“&IeveT _

rose 64 cm due to river overflow in 1978. Lagoon ice subsequent ? y melted

in place and appeared to move out af the lagoon under the influence of

wirtd-driven currents..: Temperatures inexcess Qf 8-C were observed in late ‘ -

i&e in the fresh meltwater. BY mitt-July cold (- O*C) saline (- 24”/=”)

water re-enterect  the lagoan from-the Beauf~rt Sea. Conditions necessary

fort@e re-establishment  of saltne”water  in the lagoon appear. tb accur.hy

12 .JuTy with a standard duration of 5 days.

. . . . . . . . . . .
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INTRODUCTION

The study reported here wzs stimulated by an ecological process study

of Simpson Lagoon, Alaska (Johnson and Richardson, 1981) which showed that

much of the annual biological activity in the region occurred with spring ‘-

rtmoffand whfle the lagoon was still partly ice-ccmsred. Previous physicaT -

oceanographic studies. in Simpson Lagcmn (e.g. Dygas (1974), Matthews (1980])

had been concerned ’with the open-water seasun, approximately JuTy through

September, when it is relatively straightforward ta,make conventional

physical aceanograpiic  measurements in tie shallcJu lagQcm’wters.”’

The Simpson Lagouf’i_Gwydyr  Bay sfst~ 7s a sh~l low 1 agaort (T-3 m. depth)

between -the main~ancf coast ofATaska west of Prudhoe Bay and an almost

continuous string af barrier islands. Gwydyr Bay (Figure ?) is the eastern

part of the Tagoon system. The Kuparuk River flows inta its southerrr
.

part and the 6 m deep Egg Island Channel connects it to the Beaufort

Sea through the barrier.islands. Gwydyr Eayh.as depthsaf 2 m or less

everywhere excqt for Egg IsTand Channel. Simpson Lagoon depth is ZUI

Qr less except for 3 m deep channels in its extreme western end. -

Annual sea ice growth in the regiun”is about Zm (Kovacs and Mellar,

1 974]. Rer#am, Si~om”Lagoammd  Gwydyr Bay are almost completely  frazem.

and filled with lardfast ice much”of which is bottom fast-as tiell,

have been reported in isolated remaining pockets of water in coastal lagoons

-----~f--the BeaufortSea (Schell, 1974) due to brine exclusion during the freezing :

process. The summer observations on the contrary showed very low salinities

.“ (- 24”/-0] in the Iagoong, by Tate Wty (Matthews, 1980]. Walker (1974) ,,

reported that winter accumulation ‘of brfne in the C(IlvilTe  River-de?ta was -
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flushed .out in less-than Zdays. The purpose Qf this study was thus to

examine the oceanographic conditions under the ice in the Simpson Lagoon

complex during spring runoff until open water canditians  were established..

The study site was chosen because it is a major channel of the Simpson

Lagoan complex. During the open water season it was known that water ‘-

entered the Tagoonthrough this channel’ from the Beacifort Sea under the

influence of the prevailing easterly winds. The channel is a submerged

rtver channet and.therefare could be expected to carry the waters of the”

Kuparuk River after breakup. Moreover the channel was deep enough to allow

themqoring af canventianalc urrent meters afiderthe.  ice:

Spring breakup of arctic rivers is difficutt  ta monitor by conventional -

methods (stream gauges) because of icingproblems  cmnpuuncfed by the remoteness

of the location. However, the sharp cuntrast between snow and water in the

near-infrared makes possible satellite monitoring of”river flow and - ~

consequent flooding of the ice by flood waters. This method of monitoring
.

Is facilitated hy a high degree of cla.ud-free  weather during spring al~ng . - :’

the Alaskan Beaufcrt caast-. For aTmast a decade;- a-series of metearoTogical  - ‘
.

sat~llites  operated by the

(’NOM-) have provided dai Iy

National Oceanic and Atmospheric Administration

cumprehens~ve imagery of the earth’s surface.

Imagery is available tn a variety uf wavelength bands ata spatial resalutlan --

I,, of ? km. Two of these passbands include the near-infrared. In addition,
. .

higher res~lution Landsat near-infrared”  ~magery is a~ail”able,  wh$tih includes” “;-”
r

the same Eeaufort coastal feature for a period of three consecutive days

because of the convergence of orbit .pathsat the earth’s poles. Since Landsat------–

orbits repeat every eighteen days, coverage is therefore possible on three
I

days out of every eighteen.’ Occasforral 1 y; two Landsat;tiaue  been ZLvai Table

with their orbits arranged suctI that coverage is passtble on three days out
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of every nfne. Lartdsat resolution is approximately 80 meters. The

combination ofoceanographic  data and satellite imagery provides a good

means of measuring the effects of breakup on the lagoon system.

MET!+(X)S

Aanderaa current meters, fitted with conductivity and.temperature

sensors, and t~cfe gauges were used. me instruments were calibrated

befmw and after deployment for pressure,.cukuctivity  and temperature:.

The calibratlm range was extended tu TO to 40”1’” salinities, and

‘-2to 2Q”C temperatures, because..ciur”measuremenlslay  outside .the standard

calibration ranges. Observed data ~ere -ected cising”themean.of.

-’beforet and. ‘after- calibration constants. Details” of the .depl ayment

system have been reported elsewhere and will be briefly presented here

(Matthews, 1981 ). In 1978 an Aancferaa current meter was mounted just -

above the sea floor on a staff set into a concrete block. The tide

gauge and a location pinger were set into the concrete block. The ;. . . .. . ,* !.’ .,
second installati.cm  in 197!? used a simil-ar system but wtth a secomt “c-

urrent meter supported by a float yith 20 kg buoyancy above the first “ .-

meter. The configuration was designed to provide measurements as
. .
c;ose to the sea flacm and.the ice cover as possible while having the

instruments free to aperate normally. River stage data weretakert

.fram wMi shed LQ2.S. re@arts.. The quaIity- Qf these..data are genera? 1 y ... .

l$stect as being fair for.most af the record and poor before the river

gauge was installed. The gauges are only installed when breakup has
—..—

begun and pre-breakup records are estimates (U .~. G.S. 1978; 1979). “-
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The Geophysical Institute maintains an extensive archive of NOAA

meteorological satellite and Lmlsat imagery. Ofte of the chief uses of

imagery is the monitoring of ephemeral events such as the springtime

flooding reported here. Because of the great contrast between dry snow

water in the near-infrared, springtime flooding of even the relatively

this

arid
.-

small Kuparuk lliver: can be easily monftored through it-s various stqes as

waters caurse dawn the frozen riverbed .im the arctic c~a.stal plain from the

“relatively warmer headwaiters in the foothills of the Brooks Range. These

waters can then be seen flooding acrass. the ~elatively. flats hcrefast ice

. gf Si”mpson Lagoon.

AnnuaT lags of Kuparuk River flaacftng actWty fram 1973 through T982

were compiled frorndaily  meteoralogfcal satell~te imagery. This imagery

was also enlarged to allow measurement of the areal extent of flooding

upan the lagoon ice; The occasional Landsat imagery was used to prov?de

detailed confirmation of flood geometry identified on a daily basis on

the’meteorological satellite imagery.

RESULTS:,-. .
Figure 2 shQws salinity, temperature current vectors and sea level

records from Egg Island Channel for May to I)u?y 1978. River runoff retards

taken from U.S. Gealogi cal Survey records are al sa included (U. S.G. S. 1978].

“ The instrument senscws were Iacated till cn”above the sea bed. The salinity . .
. . . . . . . . . . . . . —..——

fel? steaclilyfroin  amaximum of43.6”/00 cm 15 May to 36.0”/00  on 7

June, a rate of approximately ().33°/0*  day-l. In the first eight

hours of 8 June the salinity fell from 36.0*/*= to (l”/*” indicating

complete flushing. The temperature remrd.shaws complementary features

‘ with a minimunr temperatu~af  -2’C”an I“!iEay steadfly r$.slngta -?.!5°C by ‘
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7 June. The temperature rose from -l.leC at 1400 hours local time on 6

June to OGC by 1800 hours the same day. The salinity record continued

to remain near zero until 13 JtiTy when an

18°/”0 occurred over a period of about 20

salinity rose to reach a high of”30.C1°/**

increase from 1°/0= to

hours. Thereafter the

on 26 July.. The temperature

rose to a high of 6.9*C on 9 July which was followed by a trough of

low temperature (-O°C) extend~ng toT5 JuTj:’ The Increases:fn ‘

temperature in June preceded the associated salinity drop as did the

temperature increase in July precede tine salinity increase.
..

The current vectors show ‘sautherTy fhwlng currents- irr ‘Play and early

June of mean speed 2 cm sec-~. The curFent rose rapidly in the first few

hours of 8 June and turned towards the north to reach a maximumof 20 cm sec-~.

The cukent dropped to zero at. lot)(l hours+acal time 8 June. When ane of

the authors [J.B.M.) dived onto the instrument array for recovery, a

pebble was fauncf on the current meter. rotar suggesting that the lack

of record frcnn 8 June resulted fra”tifs’situatirm.

, The sea-level record in Figure 2 shows the norrir$klly  semi+iiurnal tideG-
.

of range 15 cm

sea level rose

543 cm at-0400

until & June.’ FrQm 0700 hours local time on that date the

from a mean level of 500 cm above datum to reach a high uf -

hours on 9 June. The sea level rema~ned near 540 cm”above

June after which. it- gradually fell ,ta the 500. CTIT level by’

15 June subsequently it again showed clear semi-diurnal fluctuations.

In the remainder of the record shown in Figure 2 the sea level showed
.— _——- .
typical variations In sea level larger than the semi-diurnal tidal

mean rangq of15 cm. A marked drop in sea level coincided with the.,

temperature drop between 9 and.15 July.’ . .’.
.
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The Kuparuk River runoff shows a peak of.3340 rR3 see-l. on 7 June.

This fell to l’132.m3 see-l by 10 June and 625m3 sec-~ on 11

June. The Kuparuk River gauge was located 10 km upstream front Gwydyr

!3ay. No river floiv was measured between 27 November, 1977 artd 5 Juri~,

1978. Gauge-height records are estimated for the period 5 October,

1977”an&7Jurte,  T978and arerepartecLta  be fair in quality. The

flaw of 3340 m3 sec-~ reported Qn 7 June, 1978 is an extreme record

for this gauge far the perfad af- recwd from JurTe 197T (LI.S.G, S. T978}..

~ Figure 3 is a tracing from a Landsat image of the 13eaufort Sea

coasttaken at 11.28 haurslocal time on 8 June, T97S. The river overflow

onta the land-fast” ice.can be seen for the major rivers .incltiding the

Kuparuk River. The dark sediment-laden river water can be seen extending

heyoncf the barrier islands near the Egg Island Channel ”and covering

:. Y..
. .,

most uf Gwydyr Bay. The totaT” area kavered by Kuparuk l?iv& water in

theimage is 116 km2.

The records for 1978 breakup clearly show that breakup occurred m“th ;

the river werf Toting the ice and completely ff miirfng the 5- nr-deep Egg

Island Channel in early June. The faj7ure of the cufrent meter occurred

after ?nitial currents flowing seaward (north) of 20 cm sec-~ had been

retarded. Two recording current meters were
.

obtain current meter records. Unfortunately

by sediment and rrat re.cuvered in 1979.’

installed tff”19T9 :n csrderta”

the sea level gauge was buried

Figure 4 shows the records from the upper instrument in Egg” 1s1 and

Channel in 1979 and the river runoff record. A similar drop in salinity

was recorded on 17 May, 1979, two weeks earlier than the previous year.

. . V~lues will bsgiven for the upper instrument2m above the channel floor

(Figure 4) and ‘ifi:’parentheses  far’ the Tower instrument T m above the floor. .
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The salinity rose from 43.4”/=0 (43.20/”=) to a maximum of 47.8’/0”

(47.6 ”/00) an }1 May then fell slowly to 47.5”/00 (47.30/0-) on 17 May.

It fell from 47.5°/”0 (47.3*/00) at 1300 haursta 5.10/** (5.0°/0s) at

2000 hours on 17 June. It increased to 17.10/”” (28.0”10”) by06000n

T&May and fell to 5.4°/UCI (6.00/””)  by 0800 hours. Lt rose to 8.20/s” ““

‘{20*/@*] by TWO hours ort IS June then felT again to 3.7*/0* (4”/**) by

2000 lmurs. Thereafter salinity was close to.zera an bath instruments

until ~ate June. The temperature showed corresponding increases from ‘-

-2.5eC to -0.2*C during the same period.

Mean currents.were less than 1 cm/sec_~ &far& l?”May and were

towards the narthwest. The current rasefram O.cmsec+ at1200

hours to 36 (20) cm sec-~ at 1100 hours 17 May. A maximum hourly

mean ‘current of 86 cm see-l was Observed on 3(3 May. The river runoff

records haws a peak flow of 640 m3 sec-~ on T June, but the ‘record -

is estimated before that date arid is probably inaccurate (U.S.G.S.

1979).

Figure 5 shows progressive vector p~ats for current meters approxfi- .

mately 1 and 2 m above the sea floor during the pericid,of peak current

betweeti 15 May and 4 June. The lower in<trment recorded northerly

(seaward) transport af:lWkm &tng-ths pefiod. .fie upper instrument -

showed first a southerly then an easterly transportfar a net easterly

transpart af200 km. ‘- ‘- -- - ‘ - - - -

The combined Landsat and NOAA satel 1 ite ‘imagery was used tQ identify

the date at which the Kuparuk River flooded unto the ice for the 9- -- - -——-

years, 1974 through 1982. The average flooding date was found to be

30 May with a standard deviation of 8. days.

barrier tslands about 3 days after flooding

8
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which occurred in 1979 appears to be anomalously early: while all other

eight flooding dates were within one standard dsviation of the average

~ date, the 1979 flooding was more than two standard deviations earlier th~.

the average date.
.

Figure 6 shows successive flooded areas of Gwydyr Bay as measured from “

the. satellite imagery during the 1979 season. The flciacttng chrwmlagy as

determined frorrsatellite  imagery is as follaws:
.“

May

May

May
.-

.,

May

May

‘“ May

May
. .

May

&lay

May

. . ‘“- my

Nay

The

reported
.

iz.

13.

‘T4.

15.

T6-19.

20.

21-22.

23.

24-26.

27.

28-3a0-

31.

FTood waters have .not yet reached the river delta.

Twoextensiorts  of the flcm$ed.area reach the vicinityof the
edge af the Iagrm.. “

Broad peals develapbeyand the edge ufthe Tagaan.- These -.
pools cover approximately 7 k~2 and arq located upon the . .
lmttamfast ice- .

The flooding has expanded considerably and now”almost  reaches
Egg 1s1 and Channel. However, the plume appears to avoid the
Egg Lsland Channel. 25 k~ are naw covered by flood waters.

CToudy weather precludes accurate measurement of f Tuoded
areas.

The flooding has expanded across the Iagoafi and to the
and west .

Cloudy again. .

The” flood has spread tcwarcl the west and now covers”-65

Cloudy. .

The flood spreads along the lagoon and spilTs out around
Egg Island.. Now cavers 95 Ia#. .

CTotidy: -.: ‘ ‘----- ‘ -- -- --- - ‘----- --

Flooding appears to reach peak. Now covers 100 km~.. ‘

— — -.
.

DISCUSSION

observat’fans- reparted here-far the Kupafuk River confirnthe  processes-. :-



,.

durjng ice formation is flushed rapidly, over a period of a few hours,

by the spring river flow. in 1978 the salinity dropped 20°/00 in

one 20-minute sampling period. In 1979. the flushing was Iess.rapid,

probably because it occurred anomalously earlier than average so that -

refreezing occurred during the first few days river flow. Data from “

tie tm+.instrumentsa lsuclearly  showedearly  stratification-as the

winters accumulation of brine was eroded by the flood waters. The.

pre-lweakup salinities of43.6*/**  in 1978 and 4706”/*= in TW9

. compare well with the values in

Calvi T1e .Delta by $klker. (1974]

ETsm  higmrl by Wet l“” (1974}.

~.33-/o*  day-~ is comparable to

excess of 40=/9” reported for the”

and valuesaf--48.9  and 56.2°/00 in

The pre-breakup salinity decrease of :,

the ~.g4”/”* cfay-l increase reported

during freezeup (Matthews, 1981 ) and is consistent with fairly

sluggish aiivection.

The process by which the flood waters enter the ocean has been

, described by ldalker {1974] and Reimnitz and 8rader (1972): the water -.

and enters cracks through the ice. - As watizrpcws through; the re~attvely

warm river water enlarges the passageway and a drainage  vort-ex develops.

As a result, large quantities af flood water are drainedfrcm-the  ice

surface within a relatively short time. At Iocatians where the ice is
.

fiotttcsttumfafi,:-these  drainage VOrttCES”Car-S COW-a depressicni inta

soft seabed sediments. Reimnitz (1982) discovered one of these drainage

vortex scours just—south of the Egg Island Channel in the-summer of 1978.

Debris and the pebble found on the current meter rotor probably came

from this scour hole. Drainage through these holes appears to be common . ;,.

in areas where the ice is not bottomfast: Reimnitz and Kempema (1982).’
. 10



estimate their density at between two and three per kmz. Hence, it

is’ likely that drainage vortices develop in the vicinity of the Egg

Island Channel each year, draining off a portion of the Kuparuk flood

through the channel. ~is probably restricts the extent of the overflow

area to some extent in this location.

~e”-oceanographic  instrumetis allow us to make some quantitative

estimates. Figure 3 is a tracing from an enlarged

shows that 116 W are covered by river water an S

that time

there was

Shaw that

the river

1978) the
—’-
17-20%of

the sea level was 64 cm above mean level

satellite image. It

June, 197S. A t

suggesting that

0.075 km3 of river water cnler the ice. River stage ~cords

!3ythat -time tl.44.km3 had fkrweddown the Kuparuk. ~ince

gauge was not installed ttntil runoff tiad. begun @.S.G.S. ,

cumulative flow is probably underestimated. TtIus about

the r$ver f~uw is over the Tce while.the remainder must be

beneath the ice canopy.

Flushing occurred within a

flushing currents observed were

two-day period in 1979. The maximum

comparable Imthose. abserved during

summer storms when the waters are wind-driven (Matthews, ~98Q, 198~19 . “

If we assumed a 6 m deep channel. 20 m wide with 4 m of water beneath ~.

“the ice+ we can estimate the total. flux. of.water  throughthe.Egg ls.larrd.-

Channel including and following flushing. The excursion was 200 km
f
/

at the-upper meter and.170 knrat the lower meter. Ws yielct.a total ______

volume of 0.015 knts. River stage records before June were estimated

and, therefore, cannot be relied upon. However, it is interesting to

compare these values with the area flooded as measured on satellite

imagery and the fload volume estimated from these area measurements

[Table 1)’. .
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In order to perform this estimate, some value must be used for the

depth of the flood. Our tids gauge measurements yielded a depth of .6 m

the previews year. However, the tide gauge was located in the vicinityof

drainage vortices near the Egg Island Channel. Reimnitz et al. (1974)

estimated the depth of the Kuparuk flood to be between 1 and 1.5 meters

in’ 1970. WaTker~T974} found the ~Toud of the much ’larger Colville”’

River t~ he as great as.!j m. Based on ttteseobservations;we have .

used a numlnd flood depth af.1 m in estimating the overflow flood

volume.

Camparfng the estimated river discharge

we see a remarkable agreement for T5 May-and

and estimated fload VQ~UITE,

a disagreement by a factor

Of ~ by 3T May. The flooded area cauld not be accurate~y mapped after

this .date however, the estimated discharge had increased to .25 km3

by4 June. Thus”the fTux through the Egg Island ChanneT is approxfmateTy

6%of the estimated river discharge. This suggests that the bulk of the

floacl waters remain in the lagoon. .-

The ear?y and extended  flood in 1979’allmis  a detailed  examination of

the weal extent of’the acfvancingf?ood waters (Figure 6).” Between 12 and

15 l$iay the ffood waters expanded .upan the bottomfast Ice in all directi@s ‘

frQrltheKu@mk  River deTta. 13y T5May, these waters reached the vicinity

of the Egg Island Channel Wherewater depths were sufficient for vortex

drairtage to take place. Cloudy cundit ions- pi+veniii’ further mapp{ng
----

of the flood until 23 May. Prior to that date the flood had advanced

dramatically everywhere except near the Egg IsTand Channel. It seems
..— _ ————

clear that following 17 May much of the flood water was drained through

the ke since the fload. a=ually”exp~ded  elsewherej  -.+bweuer durfq

the peak runoff period the flood-waters did extend beyond Egg IsTand
12
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. . . .

Chance? .-’ Presumably either the flood went around the drained area or

the channe?

available.

during this

simply cauldntt accommodate the extreme volume of water

The peak currents of 86 cm sec:l were abserved on 30 May ,

final advance of the flood waters.

Reintroduction of Saline Water into Simpsan Lagoon .

Figures 4 and 5 show that low salinity water was retained in Simpson

Lagoon for a cortstderable  time faTIawing its intraducticm  there by-

the Kuparuk River. By mid-July in both years brackish,{- 24”/==) waters

typical for the open-water s’eason were observed. Me take. this as an

indication. that water fram the Eeaufart Sea has.-been .~ntroduceti inta . . . . .

thi lagoon displacing the almost fresh water created by the river overflow ,..,,

and lagoon ice melting in place.

In order to elucidate mare detai Is of the processes by which -- -–

the sea water is re-established, sate?lite imagery for T978 and 1979

were examined. During 1978 the ice in the eastern.portion of the ~ . “
.,,

Iagoari melted in a pattern nearly identica~ to that of tie earlier . ,;

over-ice flooding. Comparison with images froru @her years suggests .

that this is a normal occurrence. It appears to result from the markedly

decreased albedo of tkwater and detritus art the ice and from the .

high isolation at this time of year. By 5“JuTy the remafning ice in

the .1 agoan+ melted. in pl~ thaugh the, sal i ni’ty af the Egg Island -Channel— .- -.. . . ..-

did.not rise significantly until 13 July when a_sharp increase was

recorded.

The strongest correlation between the increase in sal iriity in Egg

Island Channel with other phenamenaappears  to be with.cciastal winds. ~

Foliating the me~ttrcg-af- the ice.% the T’agoon timswlnti’measured  at

13
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. . . -nearby Oeadhorse Airport began ncreasin’g on 9 Julyreaching hourly

average speeds of 11 ms-~ with gusts to 14

windy cmiitions cmtinued unt’il,  15 July.

seen that this windy period coincided with
r .

~s-~ on 11 July. These

Fram Figure 4, it can be

a decrease in sea

level within the lagoon starting on 10 July and a rapid increase in

salinity starting cm the .T3, July.- A Landsat scene obtained an ~2 JUTY ‘

shows a great anmunt-af westward, slang-shore transpart of suspended

sediment. Ouring”the open-water season wind-driven currents of about -

.3% of the wind speed typical 1 y fTowi ng westwards have been reported

for the. regiun fMatthew~. 1981). Thus, lon@ore:currents. up to 0.5 ~

nts-~ would be generated by the observed winds for a hanspo~,of  - ,.> -:,

about 30 km da~?. .The Tength of the lagoon from~~ Kuparulc R.iver ““

to Oliktok Point is 40 km. This suggests that removal of the Tagoon

ice could take place in a little more than a day under the wind conditions

reported. Thus it appears that Tagoon ice meTts in place until easterly

winds can move the..remnants westward out of the lagoon. The opening.

gf the Taggmi then allows water to re{erse W the Egg island.Chnnel and ‘

a’Tlow coastal water to enter the lagoon system. ‘- - . ’
. .

In 197!3 the ice ~n the lagoon had been removed by T? July: Figure 5

shows that”tk lagoan salirr~ty underwent a slow increase until 23’July”

when a series af sharp increases-were init~ated. .Winds at Deacfhorse .

‘-” thrau@out-ttits--ptio@v  ~ie&-m~- a-wide~- ahragn+tude-(as hi~------ - s

~ 9ms-~). However, they were not coherent as the winds had been the

previous  year nor as large i~magnitude.  Finally, the wind increased

to hourly average values as high as 10 ins-l on 24 July.

These data suggest that inthe absence ti -winds of-sufficient -

duration and strength to create steady currents; ffushing oftk

1 4
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meltwaters from the lagoon water does not take place. This suggests

that twa conditions must be

ice must decay sufficiently

of the ~rder of 10 ms-~ are

met for flushing to accur. First the lagoon

to altow it t~ move. ‘Then easterly winds

needed to move the remnant fce if it does

not

for

melt in place.

We have examined satellite images to establish the rarrge of dates

which ice is last observed in the. lagoon. Although satellite

observations were not a?ways-availah~e  wery day, such observations

were sufficiently frequent to establish a narrow window within which

~ the ice was removed.. This windm is establishedby nating the last

b da~ upon which ice could be seen and-the first dtiy whenice could not

be seen inthe.lagcm. The average date, between 1974 arid 1982,

that ice was last seen in the lagoQn was 8 July with a standard deviation

af 6 days. Ice-f qee condi t ions were first seerr on T2 July with a

standard deviation of 5 days. These data suggest that meltwaters  can

normally.be  expected to persist in tbe lagoon far:about six weeks. . it

would not normally appear before  Z JuTj which suggests that tie minimum

residence time-afmeltwaters  is

CONCLUSIONS

~~ Salinities of 4#-50*/*0 and temperatures near the freezing paint are -

the pre-breakup Conditions tmthe Egg Island Channel ’ofthe Kuparuk ., .
. .

● 3

Estuary and Gwydyr Bay. During narmaJ years breakup begins with the

river water overflowing the ice and flushing the channel completely in
..—. —. .—.

a few hours. This occurs on 30 May with a standard deviation of 8 days

in normal years. Floodwaters reach the barrier island

Channel.. about three days later; EightY’ percent of the

and Egg Island

anr?ua?”runaff  ‘“

.



occurs during the first 10 days’ flow. When breakup occurred two weeks,

earlier than normal, the complete flushing took place Qver a period of

2 days. The river flow effectively took place over a 2week period

when transports of about 200 km were recorded in a 6 m-deep channel.

Subsequent to the river overflow of lagoon ice, the ice melts under the - -

24-hour sQTar insulation. From ana?yses of satet 1 ite. imagery far 9

~ years, ice was last seen on & July and $ce-free conditions by 12 July

during narmal years wjth standard dev?atiunsqf  6 and 5 days respectively.

Establishment of ice-free conditions appears tct carrelate.well  with

reversal af f{ow in Egg Island Channel and the reintroduction af brackish

(- 24*/**], caTd (- O*C) seawater into the 1 agoon from the Beaufort
. “.3

“-.
Sea. We conclude that breakup of the 1 agoon ice takes place between 30 May -

and 12 July with standard deviations uf 8 and 5 days respectively.

ACKNOWLEDGEMENTS “

This study was supported in part by the State of Alaska and in

part by the, Bureau af Land Management through an agreement with the

Natiaria?  Oceanicand Mmaspheric Administration, under which a mblti- ‘ ‘.

year program responding to the needs of petroleum development of the

Alaska Ccmtinental Shelf is managedhy tie Outer Continental Shelf

Wvirortmefttal Assessment Progr&m-(OC5EAP)  affice. One ofus (iT.E.M-)
/

is especially  indebted lx the.Mask& State Legislature  and Governor far
---- . . . . . . . . .

funds to complete this work after CKSEAP funds were prematurely cut “

off . We also gratefully acknowledge the technical assistance of

Mrs. Sheridan Schrack, Mrs. Jan Zender-Romick  and Mrs. Connie Espe.

.

16
i



REFERENCES

Dygas, .J. A., A study of wind, waves and” currents in Simpson Lagoon, p. 15-44,
In Alexander, Vera (Ed) Environmental studies of an arctic estuarine
~stem, Report R74-1, Institute of Marine Science, University of Alaska,
Fairbanks, Alaska, 538pp, 1974.

Kovacs, Austin anct Malcom Pluller, Sea ice morphology and ice as a geologic
agent in the southern Beaufort Sea, pp. 113-161, In Reed, J. C. and -
J. E...Sate(Eds)s) The coast and shelf of the Beaufirt Sea, Arctic”
Institute of” North Americb ArTington, Virginia,.75Cl  pp, 1974..

Matthews, J. R.,’ Modeling and verification in an arctic barrier islanri-
Iagoon system - an ecalogicaT process study, p. 220-231, In Sufrdermann;
Juergen and K. P. Iioltz (Eds) Mathematical mocfeT?ing of e=uarine
physics, Springer Verlag, New Yurk, 265 pp, 198Q.

Matthews, J. B., Observations of surface and battom currents in the
Beaufart 5~.neaFPrudhae Bay, Alaska, d. Geophys. Res.,-.86(C7), 6653-A
6660. 1981.

Reimnftz, E.’ and K. F. Bruder, River discharge’  into an ice-covered ocean
and related sediment dispersal, Beaufart’ Sea, Crest of Alaska,
Geol. Sot. America Bull., 83, 861-866, 1972.

Rehnftz, E-, StrudeT scours - ~ new concern. Attachment E, 18 pp, In
Barnes; Peter> Erk Reimnitz, Ralph Hunter; and Larry Phillips,-:”-

Geological processes and hazards of the Beaufort and Chukchi Sea
shelf and coastal regions, AnnuaT Report, Research Unit 205,
Outer continental Shelf Environmental Assessment Project, National

. . Oceanic and Atmospheric Administration, Box 1808, Juneau, Alaska
99802.

-$scheTT, Cl. M., Regeneration of nitrogenous nutrients in arctic Alaskan .
estuarine waters, p. 649-664, In Reed, J..C. and J. E. Sater (Eds)
The coast and shelf of the Bea~ort Sea, Arctic Institute of North
America; Arlington, Virginia, 750pp, 1974. -

U.S.&S., Uater:R*ourcS- Data-far Almka.  kiater-llatakpwt  AK-78-T,
Mater “Year 197~ U.S. Dept. interior, Geological Survey, Anchorage,
Alaska, p..269-276,  1978.

U.S.G.S.=  Wter-Resource+-Dat3:.fOr ATaskaK Water4kta Report AK-79-T; --- -- -=
Water Year 1979, U.S. Dept. interior, Geological Survey, Anchorage,

“ Alaska, p. 261 -266; ?979.

Walker, H. J., The Colville River and the Beaufort Sea: Somai~teractions,  .,
pp. 513-539, In Reed, J. C. and J. E. Sater (Eds) The coast and shelf
of the Beaufo~ Sea, Arctic Institute of North America, Arlington,
Virginia, 750 pp, 1974.



. . . .

Figure Captions:

Figure 1.

Figure 2.

Figure 3.

Figure 4.
. .

Figure 5.

Figure 6.

.— .. ---- .._

Bathymetry of Gwydyr Bay, eastern part of Simpson Lagoon’ and location
of study area.

Salinity (“/=w), temperature (“C) and current vectors (ems-~)
recorded approximately 50 cmabove sea floor in 5m-deep Egg Island
Channel T5Ma 1978 thrc)ugh 26 July 1978. Kuparuk River gauge

Yr e c o r d s  (m%- ) from 10 k m  ab~ve the-Gwydyr -Bay delta. .

River overflows onta Iandfast ice traced from a Land.sat image
taken at.1100hrs local time on 8 June l~?8..

Salinity (0/00), temperature (“C) and current vectors recorded
.

approximately Z m above the sea floorin 5m-deep Egg Island
Channel 5 May through 28 July, 1979. Kuparuk River gauge records
(M~j from ~~ km ~Pstream of the delta for the same period.

Progressive vector plots from records from in~truments approximately ~
1 and 2 m above the sea floor in 5 ITI deep Egg Island Channel during
peak flows of spring runoff 15 May through 4 June, 1979.

.

Advance of the spr~ng floodwaters
images 14 through 31 May, 1979.

,

.+,. ---- . . —.. .

on coastaT ice traced from Landsat

. . .
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TABLE 1

.

Date, May 1979 . Flooded Area .- Estimated Discharge Estimated Flood Volume

15 25 km2 .026 km3 .025 krrt~

23 65 km2 .086 km3 .065 km3

. .

. .

.

.

,.. - . . . . . .-., , .,.

.TOO. km3

.

.-. .
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